This study was conducted to evaluate the method performance of a rapid procedure for the measurement of a-amylase activity in flours and microbial enzyme preparations. Samples were milled (if necessary) to pass a 0.5 mm sieve and then extracted with a buffer/salt solution, and the extracts were clarified and diluted. Aliquots of diluted extract (containing a-amylase) were incubated with substrate mixture under defined conditions of pH, temperature, and time. The substrate used was nonreducing end-blocked p-nitrophenyl maltoheptaoside (BPNPG7) in the presence of excess quantities of thermostable a-glucosidase. The blocking group in BPNPG7 prevents hydrolysis of this substrate by exo-acting enzymes such as amyloglucosidase, a-glucosidase, and b-amylase. When the substrate is cleaved by endo-acting a-amylase, the nitrophenyl oligosaccharide is immediately and completely hydrolyzed to p-nitrophenol and free glucose by the excess quantities of a-glucosidase present in the substrate mixture. The reaction is terminated, and the phenolate color developed by the addition of an alkaline solution is measured at 400 nm. Amylase activity is expressed in terms of Ceralpha units; 1 unit is defined as the amount of enzyme required to release 1 mmol p-nitrophenyl (in the presence of excess quantities of a-glucosidase) in 1 min at 40°C. In the present study, 15 laboratories analyzed 16 samples as blind duplicates. The analyzed samples were white wheat flour, white wheat flour to which fungal a-amylase had been added, milled malt, and fungal and bacterial enzyme preparations. Repeatability relative standard deviations ranged from 1.4 to 14.4%, and reproducibility relative standard deviations ranged from 5.0 to 16.7%.
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Α lpha-amylase is ubiquitous in nature. It has a central role in the mobilization of starch reserves in the germination of cereals and many legumes (1) , and it is a key quality parameter in the commercial utilization of most cereals. In malting, the aim is to induce maximum synthesis of α-amylase with minimum respiration of starch reserves. This amylase then plays a central role (along with β-amylase and limit dextrinase) in the mashing process in converting starch reserves to fermentable sugars (2) . In baking, it is essential that the α-amylase level is adequate to hydrolyze starch from damaged starch granules to fermentable sugars, but not so high as to result in excessive starch dextrinization during the baking process (3); this would lead to "sticky" crumb and problems in the slicing of bread. Microbial amylases find widespread application in the starch processing industries (4). Numerous food-related problems can be attributed to the presence of trace levels of α-amylase (usually bacterial α-amylase), e.g., instability of starch-based products such as long-life custards and fillings.
Many methods for the assay of α-amylase are described in the literature. The simplest and most direct are those based on the measurement of reducing-sugar increase on hydrolysis of starch (5, 6) . Such methods directly relate to international units of activity (1 unit is the amount of enzyme that releases 1 µmol glucose reducing-sugar equivalents per minute under the defined assay conditions). The major limitation of these assays is that they cannot be performed on materials that contain high levels of endogenous reducing sugar (7), e.g., wheat flours and malts. To overcome this problem, a range of other methods has been developed over the years. Some of these use dye-labeled starch substrates, either soluble (8, 9) or insoluble (10), whereas other methods are based on the decrease in the starch-iodine color on hydrolysis of β-limit dextrin by α-amylase (11, 12) . Both of these types of methods are very dependent on the nature of the starch, or starch fraction, used as substrate, and cannot be regarded as primary assays because they need to be related to another assay that uses a defined substrate. Even with reducing-sugar assays, activity values obtained are dependent on the type of starch used as substrate.
In 1987, the Ceralpha method was introduced (13, 14) for the measurement of cereal and microbial α-amylases. This method is based on the use of a defined oligosaccharide substrate, end-blocked p-nitrophenyl maltoheptaoside, in the presence of 2 exo-acting enzymes, namely, amyloglucosidase and α-glucosidase (maltase). The blocking group on the nonreducing end of the oligosaccharide prevents hydrolysis of the oligosaccharide by the exo-acting enzymes. When the oligosaccharide is hydrolyzed by endo-acting α-amylase, the nonblocked nitrophenyl maltosaccharide produced is instantaneously hydrolyzed to glucose and free p-nitrophenol by the combined action of amyloglucosidase and α-glucosidase (i.e., the amyloglucosidase hydrolyzes nitrophenyl maltooligosaccharides to glucose and p-nitrophenyl α-D-glucoside, and the α-glucosidase hydrolyzes the
p-nitrophenyl α-D-glucoside to glucose and p-nitrophenol).
The reaction is terminated by the addition of an alkaline solution, which also develops the phenolate color. This is the only assay for cereal and microbial α-amylases that uses a defined substrate. This procedure was adopted as a standard procedure by the International Association for Cereal Science and Technology (ICC; Method No. 303). More recently, the Ceralpha reagent mixture was modified by replacing the amyloglucosidase plus α-glucosidase (maltase) by a single enzyme, thermostable α-glucosidase (15). The modified Ceralpha method, after extensive interlaboratory evaluation (16) , recently replaced the Farrand procedure (11) as the standard method of the United Kingdom Milling and Baking Industry (16) . The aim of the current collaborative study was to determine the performance characteristics of the method for selected flours and microbial enzyme preparations.
Collaborative Study
Eight well-mixed (in a plastic jar) test materials (containing α-amylase) of white wheat flour (2 materials, one containing fungal α-amylase), milled malt (2 materials from different malt houses), 2 powder fungal (Aspergillus niger) preparations and 2 powder bacterial (Bacillus licheniformis) preparations were provided as randomly coded blind duplicates to 15 collaborators. The fungal and bacterial preparations were prepared from original commercial materials from Novozymes (Bagsvaerd, Denmark) by freeze-drying in the presence of lactose. Two in-house reference samples (white wheat flour and milled malt) were also provided (along with the blind duplicates for analysis) to familiarize collaborators with the method. To facilitate the selection of the buffers and the extraction/dilutions to use, laboratories were advised which samples were white wheat flour, milled malt, fungal preparations, and bacterial preparations. Collaborators were requested to perform single extractions of each material by the enclosed method, but duplicate assays with aliquots of test material extract were also requested. Duplicate determinations are a necessary part of the described methodology, and the values shown in Table 1 are averages of duplicate assays. Results were evaluated according to AOAC guidelines for calculating interlaboratory performance statistics and identifying outliers (17) . The significance level for outlier identification was set at α = 0.025. HORRAT values were not determined because the HORRAT equation does not readily apply to units of enzyme activity. (Applicable to the measurement of α-amylase activity in white wheat flour, milled malt, fungal enzyme preparations, and bacterial enzyme preparations. α-Amylase activity is described empirically in terms of Ceralpha units. Absorbance range is linear between 0.10 and 1.2.)
See Table 2002 .01A for the results of the interlaboratory study supporting acceptance of the method.
A. Principle
Test portions are extracted with salt solution or buffer at room temperature or 40°C. Extracts are clarified by centrifugation or filtration and diluted. Aliquots of diluted extract are incubated with the substrate mixture under defined conditions of pH, temperature, and time. The substrate is nonreducing end-blocked p-nitrophenyl maltoheptaoside (BPNPG7) in the presence of excess quantities of thermostable α-glucosidase. The blocking group in BPNPG7 prevents hydrolysis of this substrate by exo-acting enzymes such as amyloglucosidase, α-glucosidase, or β-amylase. When the substrate is cleaved by endo-acting α-amylase, the nitrophenyl oligosaccharide is immediately and completely hydrolyzed to p-nitrophenol and free glucose. The reaction is terminated, and the phenolate color developed by the addition of an alkaline solution is measured at 400 nm. Results are expressed in Ceralpha units; 1 unit is defined as the amount of enzyme required to release (in the presence of excess α-glucosidase) 1 µmol p-nitrophenol per minute at 40°C. . The reagent is stable at room temperature for 6 months in the presence of sodium azide. In the absence of sodium azide, the reagent is stable at room temperature for 6 h.
B. Apparatus
(e) Stopping reagent (trisodium phosphate solution).-2% (w/v), pH 11.0. Dissolve 20 g Na 3 PO 4 in 900 mL deionized water. Adjust pH to 11.0 by careful addition of 4M HCl, and then adjust volume to 1 L. The reagent is stable at room temperature for 6 months. Ltd., but preparations of reagents and buffers that meet the criteria may also be used.
D. Preparation of Test Samples and Standards
(a) Test samples.-Grind ca 50 g grain or malt in grinding mill to pass 0.5 mm sieve, B(a). Transfer all material to wide-mouth plastic jar, and mix well by shaking and inversion. Industrial enzyme preparations supplied as liquids or fine powders do not require grinding.
(b) p-Nitrophenol standard for spectrophotometic calibration.-0.05mM. Dilute 1 mL p-nitrophenol solution, C(g) , to 200 mL with stopping reagent, C(e). The assay relies on measurement of the absolute quantity of p-nitrophenol released. It is therefore essential that the spectrophotometer reading is correct for a standard quantity of p-nitrophenol. The absorbance of the diluted standard (0.05mM in stopping reagent) should be 0.905 ± 0.005 at pH 11.0 (400 nm). Perform this check each day that a batch of test samples is analyzed. Check the linearity of the spectrophotometer readings by using a series of dilutions of the concentrated p-nitrophenol standard solution, C(g), prepared with stopping reagent, C(e). Measure absorbance of selected dilutions at 400 nm, using stopping reagent, C(e), as the blank. Table 2002 .01B shows such a series of dilutions and the corresponding expected absorbance values. Plot absorbance vs p-nitrophenol concentration, and determine linear region of spectrophotometric response. 
E. Extraction of a-Amylase

G. Calculations
One Ceralpha unit (a name assigned by Megazyme) is defined as the amount of enzyme which, in the presence of excess quantities of thermostable α-glucosidase, will release 1 µmol p-nitrophenol from end-blocked p-nitrophenyl maltoheptaoside in 1 min at 40°C, under the defined assay conditions.
Calculate α-amylase content (units/g or mL) in test sample as follows: ; or 18.1 for a 10 mm cell path length); absorbance values are measured in a 10 mm spectrophotometer cuvette; V e = extraction volume (20 mL for white wheat flour or 100 mL for milled malt, fungal preparation, and bacterial preparation); W = weight of test portion (g); and F = extraction solution dilution factor.
H. Controls and Precautions
α-Amylase is present at high levels in all body fluids. Thus, disposable gloves should be worn. The water used to dissolve the substrate solution, C(f), must be devoid of α-amylase. To ensure this, heat distilled or deionized water to boiling, and cool to <30°C before using to dissolve substrate. The blank absorbance value of freshly prepared substrate should be <0.07. If the absorbance values for a particular assay are >1.2, dilute the enzyme extract with the appropriate buffer and assay again. When the difference between duplicate tests is >3% of the average absorbance value, repeat the assay. The accuracy of the results obtained is dependent on the absorbance accuracy of the spectrophotometer, which should be checked as in D(b).
Ref. 
Results and Discussion
Collaborators' data were evaluated statistically according to AOAC protocols using AOAC-supplied software. Of the 120 pairs of assay results reported, 7 were statistical outliers (17) . One outlier result was obtained by each of 7 laboratories. Cochran (repeatability) outliers were reported by Laboratories 2 and 15 (Sample E/G), Laboratory 9 (Sample I/J), and Laboratories 10 and 14 (Sample M/P). Single Grubbs (reproducibility) outliers were reported by Laboratory 8 (Sample I/J) and Laboratory 12 (Sample E/G). No statistically significant outliers were found in results for wheat flour (Samples A/D and B/C), malt flour (Sample F/H), fungal enzyme (Sample K/L), or bacterial enzyme (Sample N/O).
Repeatability relative standard deviation (RSD r ) values ranged from 1.4 to 14.4%. The highest value was obtained for wheat flour (Sample B/C) that had been supplemented with a fungal α-amylase preparation. Without this value, the RSD r range was 1.4-7.9%. Reproducibility relative standard deviation (RSD R ) values ranged from 5.0 to 16.7%.
The highest RSD r value, 14.4%, obtained for the white wheat flour sample that was supplemented with fungal α-amylase, can be attributed to problems associated with the homogeneous mixing of the 2 components with very different levels of the analyte. Wheat flours used for bread making contain approximately 0.1 units (Ceralpha) of α-amylase per gram, whereas fungal preparations can contain from 1000 to 10 000 units per gram. Fungal α-amylase is added to flours that contain very low levels of this enzyme. A certain level is required to ensure that the flour will yield good bread, i.e., there has to be enough α-amylase to hydrolyze starch (from damaged starch granules) to fermentable sugars, required by yeast for gas production.
The method specifies that α-amylase in bacterial enzyme preparations be extracted by centrifugation rather than filtration. Centrifugation is used because filtration of some bacterial preparations results in a significant loss of α-amylase activity, possibly as a result of oxidation of the enzyme at the filter surface. This loss of activity due to filtration has been observed only for bacterial preparations and not the other materials.
The α-amylase assay procedure described here has the advantage of being specific and simple to use. A major advantage of this procedure is that this is the only method for the measurement of α-amylase in cereal and microbial samples that uses a defined substrate.
Collaborators' Comments
Silja Home (VTT Biotechnology, Espoo, Finland) highlighted the instability of the bacterial α-amylase enzyme to filtration. All collaborators were advised to avoid using filtration for the clarification of bacterial extracts. This problem was not experienced with the enzymes from the other sources as used in this study.
Recommendations
The Study Director recommends that the Ceralpha method for the measurement of α-amylase activity in white wheat flour, milled malt, and microbial preparations be adopted First Action.
